Hypoalbuminemia in inflammatory disorders is not an infrequent finding. However, little is known about albumin synthesis in these patients. In the present study we have measured the albumin synthesis in four patients with inflammatory diseases using the [14C]carbonate technique. Because inflammation causes a decreased albumin synthesis and this decreased synthesis could not be related to a reduced amino acid supply, we have also examined the possible molecular mechanisms of reduced albumin synthesis during inflammation using in vivo and in vitro experiments in rats. In rats with turpentine-induced inflammation, serum albumin concentration and liver albumin mRNa level were markedly decreased. These changes could not be reproduced by administration of fibrinogen-, or fibrin-degradation products, or several hormones, such as corticosteroids, growth hormone, and adrenaline. However, monocytic products, especially interleukin 1, postulated to be important mediators of the inflammatory response, reduced albumin synthesis and liver albumin messenger RNA content but not total protein synthesis in rats in vivo and in primary cultures of rat hepatocytes. These findings suggest that monocytic products play an important role in reduced albumin synthesis during inflammation.
Introduction
Albumin is the most abundant serum protein produced by the liver. In clinical practice the serum level of albumin continues to serve as an important marker for the presence, progress, or improvement of many diseases, even though it is the complex end result of synthesis, degradation or loss, and distribution between intra-and extravascular space. Hypoalbuminemia in patients with inflammatory diseases such as pneumonia, rheumatoid arthritis, and severe bacterial infection is not an infrequent finding (1) . Although it has been suggested that increased degradation of albumin is the primary cause of hypoalbuminemia, little is known about albumin synthesis in such patients. The purpose of this study was to investigate the albumin synthesis as determined by ['4C ]carbonate technique in patients with inflammatory disorders. Because the results indicate that an inflammatory reaction could lead to a decreased albumin synthesis and no signs of diminished supply of amino acids to the liver were found as an explanation of the reduction, we have examined the possible molecular mechanism ofthe decreased albumin synthesis during the inflammation using in vivo and in vitro experiments in rats.
Methods
Patients. Age, sex, and diagnosis of the four patients studied are demonstrated in Table I . All patients had a severe or moderate hypoalbuminemia. The control group was composed of 20 individuals, 17 males and 3 females, their ages ranging from 26 to 68 yr. They all had normal serum albumin level and normal liver "function" tests.
Amino acid analysis. Concentrations of serum amino acids were estimated using a Beckmann Unichrome (Munchen, FRG) amino acid analyzer. After precipitation of the proteins (50 mg sulphosalicylic acid was added to 1 ml serum) and centrifugation, 0.5 ml of the supernatant was used for analysis. The accuracy of the tryptophan determination on the amino acid analyser has been tested by adding different amounts of tryptophan (40-250 MM) to a serum sample that had been dialyzed previously. After precipitation of the proteins the samples were analyzed for tryptophan content. The mean recovery of the added tryptophan was 89.2% (2) .
Determination ofplasma volume and albumin synthesis rate. The plasma volume was determined with '3II-labeled albumin just before the determination ofthe rate ofalbumin synthesis. '31I-labeled albumin was prepared according to the method described by McFarlane (3) with slight modification. The disappearance rate of '31I-labeled albumin was also determined 7 h after injection of '311-labeled albumin. Rate 4.5 by slowly adding I M HC1, and the albumin thus precipitated was collected by centrifugation. After redissolving the albumin precipitate in 10 ml of water and adjusting to pH 7.0 with I M NaOH, the entire procedure was repeated. The albumin fraction, 25 ml, was dialyzed overnight. The purity of the albumin preparation, determined by electrophoresis on cellulose acetate, (6) with some modifications as described previously (7) . All buffers were autoclaved before use and oxygenated by direct bubbling with oxygen. Collagenase buffer (0.5 mg/ ml) was supplemented with 0.05 mg/ml soybean trypsin inhibitor (7 samples were withdrawn from the medium. 10-id samples were diluted to 100 Ml in 0.1 N NaOH and 1 ml 10% trichloroacetic acid was added. Samples were heated for 20 min at 90C and subsequently cooled on ice for 20 min. Protein precipitates were collected on nitrocellulose filter discs and counted for radioactivity.
Immunoprecipitation of3H-labeled albumin. Determination of 3H-labeled albumin in the culture medium was essentially performed as described previously (8) . 25 -,gl samples were diluted in 500 JI buffer containing 10 mM sodium phosphate, pH 7.2, 150 mM NaCl, 1% Triton X-100, 0.5% sodium deoxycholate, 0.1% sodium dodecyl sulfate (SDS), 5 mM leucine, 0.1 mM phenylmethylsulfonylfluoride, and 1 mM EDTA and incubated with 1,000 dpm ['4C]albumin as tracer for recovery, 20 Atg albumin as carrier, and goat-anti-rat albumin y-globulin. After 16 h incubation at 4°C, the mixture was layered over a 200-,ul 10% (wt/wt) sucrose cushion and centrifuged for 5 min in an Eppendorf centrifuge. The pellet was washed three times, dissolved in 0.1 NaOH, and precipitated with 10% trichloroacetic acid, and collected on nitrocellulose filter paper discs for counting, using a double-labeling program. ['4C]Albumin was prepared chemically from the purified protein with ['4C]formaldehyde by reductive methylation as described by Crane and Miller (9) .
DNA determination. Cells were suspended in water and sonicated. After centrifugation, DNA in supernatant was measured by a fluorometric technique as described by Kapuscinski and Skoczylas (10) .
Preparation of liver and cell RNA. Total postnuclear RNA of liver tissue was prepared as described by Taylor and Schimke (1 1). Cytoplasmic RNA from hepatocytes in primary cultures was isolated according to the following procedure. Cell pellets were homogenized in a buffer containing 50 mM Tris-HCl, pH 7.4, 25 mM NaCl, 5 mM MgCl2, 0.25 M sucrose and 0.3 mg/ml heparin. After addition of 1/10-vol 10% Triton X-100 and centrifugation of the particulate material for 10 min at 16,000 g, RNA was extracted by addition of 1/2-vol 0.3 M NaCl, 1.5% SDS, 15 mM EDTA, 30 mM Tris-HCl, pH 9.0, and an equal volume of phenol/ chloroform/isoamylalcohol (50:48:2, vol/vol/vol). When no detectable interface remained, 2.5 vol cold ethanol was added. RNA was precipitated overnight at -20°C and isolated by centrifugation at 16,000 g for 20 min at -5°C.
Incorporation of labeled precursor into RNA. 61 mCi/mmol [6- '4C]orotic acid was added to 3 uCi/ml cell culture medium. At the indicated times, cells of duplicate wells were washed and harvested with HBSS containing 0.1% Triton X-100. 1 ml of ice-cold 20% trichloroacetic acid was added to 100-A1 samples and precipitates were collected on nitrocellulose filter paper discs and counted for radioactivity. Correction was made for incorporation of [14C]orotic acid into non-RNA by determining the incorporation in duplo samples treated for 30 min at 90°C in 10% trichloroacetic acid.
Preparation ofpurified albumin mRNA and 3H-labeled complementary DNA (cDNA). Purification of mRNA specific for rat albumin and the synthesis ofthe specific complementary DNA probe from this purified mRNA have been reported previously (12) . Analytical RNA-cDNA hybridization was performed as described previously (13, 14) .
Preparation of monocytic products and specific antibodies against interleukin I (IL-I).' The monocytic products were prepared by incubation of activated macrophages isolated from peritoneal exudates induced by glycogen in rabbits as described by Ritchie and Fuller (15) . These preparations were endotoxin-free as tested by a Limulus test. The 15-kD-mol wt protein was purified from these monocytic products by G50-Sephadex chromatography and gel electrophoresis (16) . This protein showed IL-I activity as determined by the thymocyte proliferation assay (17) . Specific antibodies against IL-I were obtained from immunized goats using this purified 1 5-kD-mol wt protein as immunogen.
For comparison, in some studies we have used commercially available IL-l obtained from activated human monocytes (ultra-pure human IL-1, Genzyme Corp., Boston, MA).
Preparation ofpolyA containing RNA. The poly A containing RNA was prepared from total RNA extracts by oligo (dT) cellulose chromatography (18) as described previously (1 1).
Cell-free protein synthesis and gel electrophoresis. The wheat germ extract was prepared as described by Marcu and Dudock (19) . Radioactively labeled product synthesized in vitro was analyzed electrophoretically on 10% polyacrylamide/Na DodSO4 (SDS) slab gels (20) . Dried slab gels were exposed to x-ray film.
Materials. Na214CO3, [ (22, 23) , the following in vivo and in vitro experiments were performed to investigate the influence of these monocytic products including IL-I on the albumin synthesis.
As shown in Fig. 3 , the albumin mRNA concentration in the liver of rats injected intraperitoneally with monocytic products were decreased and comparable with the findings in rats treated with turpentine. In addition, concomitant administration of antisera (1 ml i.p.) against the 15-kD-mol wt protein of monocytic products partially abolished the effect of turpentine as well as the effect ofmonocytic products on the serum albumin level and on albumin mRNA content (68±10% vs. 42±10% of control value for turpentine-treated rats). Fig. 4 in hepatocytes treated with the monocytic products than in control hepatocytes (Table IV) . Nevertheless, the RNA synthesis of hepatocytes was not impaired by the addition of monocytic products in the culture medium (Fig. 5) . The rate of albumin synthesis and secretion in hepatocytes cultured in the presence Fig. 4 ).
Discussion
Ifalbumin metabolism is in a steady state, the rate ofits synthesis will be equal to the catabolic rate. The estimation of albumin Although the albumin degradation was not determined in these patients, the measurements showed a decreased intravascular albumin mass and a reduction of albumin synthesis. A reduced rate of albumin synthesis can be the result ofmalnutrition, maldigestion, and/or malabsorption, or a severe diffuse liver disease 68kD _--- albumin has been indicated as a negative acute-phase reactant (21, 23). However, the precise molecular mechanism for the reduction of albumin synthesis has still not been completely elucidated. Nevertheless, a number offactors have been suggested to play an important role in the regulation of liver synthesis of acute phase proteins, such as hormones, fibrinogen-, or fibrin degradation products, and monocytic products, including IL-1 (15, 25, 26) . From our previous studies (7, 25, 26) and other investigations (data not shown) we have demonstrated that corticosteroids, growth hormone, insulin, adrenaline, fibrinogen, and fibrin degradation products cannot be implicated in modulating the hepatic synthesis of albumin during the acute-phase response, because administration of these hormones in vivo in rats or in vitro in experiments using primary cultures of rat hepatocytes did not lead to a reduced synthesis of albumin, although in other studies, the fibrinogen synthesis in rats could be stimulated by in vivo administration of fibrinogen or fibrin degradation products (26) .
In our present study, we demonstrate that monocytic products reduce the hepatocytic albumin mRNA content in vivo and in vitro. Because the orotic acid incorporation into total RNA was unchanged (Fig. 5) and there was a stable RNA content, the level of albumin mRNA must be affected specifically by the monocytic products and not because of a decreased RNA synthesis or level in general. In fact the level of mRNAs of acutephase protein was increased under this condition (data not shown). The effect of monocytic products on the albumin synthesis and secretion of hepatocytes in vitro is augmented in the presence of 1 MM dexamethasone. The role of dexamethasone on albumin secretion and the content of albumin mRNA in hepatocytes in vitro has been discussed previously (7) . The lack of a significant decrease of serum albumin level in rats after administration of monocytic products (data not shown) is due to the masking effect of a relatively long half-life of serum albumin in the relatively short duration of experiments and the absence of protein loss, as was the case in turpentine injection due to exudation. Nevertheless, reduced albumin synthesis and secretion by hepatocytes can be clearly observed in primary cultures after the addition of monocytic products (Fig. 4) . In contrast, the synthesis and secretion of total protein in vitro is not affected by the monocytic products (data not shown). Although in these experiments we did not utilize a specific purified product of macrophages, the results of experiments in vivo in rats after turpentine injection or administration of monocytic products in vivo and in vitro indicate that reduced albumin synthesis under these circumstances can be partially abolished by the administration of specific anti-sera against the 1 5-kD-mol wt protein of monocytic products. In addition, similar findings have also been obtained in experiments using commercially available purified IL-1. Therefore, we can conclude from these findings, that hypoalbuminemia during the inflammatory reaction can be partially ascribed to a specifically decreased synthesis of albumin in the liver as the result of monocytic (macrophagic) products, including IL-1.
